The idea of using the 1F also with environmental problems -such as detecting hydrocarbons and organic solvents in soils -was introduced in the middie of 1980's by Olhoeft (1985) . Sadowski (1988) measured phase and amplitude spectra of clean day samples and organiccontaminated day samples and observed a pronounced phase peak due to toluene contamination (the same kind of spectrum had been reported already by Olhoeft). Vanhala, Sommen, and Kukkonen (1992) described some effects caused by toluene, heptane, and ethylene glycol in liii. Börner, Gruhne, and Schön (1993) measured clean and organic-contaminated day and shaly sandstone samples. Vanhala (1996) discussed the effect of electrolyte conductivity on the phase spectrum and the possibility to use 1F for detecting inorganic contaminations, and presented (Vanhala, 1997) laboratoiy and field results of the behaviour of phase spectrum of clean and oil contaminated sand and till.
The IP method is based on the concept that the resistivity of eartb materials is a complex, frequency-dependent quantity
The 1F is applied in the linear regime with the current density being sufficiently low, in which case the constitutive relation between the electric field E and the current density J is expressed by Ohm's law
E=[pt()+ip"(cû)]J
In the spectral IP, the amplitude and the phase shift are measured over a broad frequency range from about 0.01 Hz up to 10 000 Hz and the resistivity is commonly in the form
where 1 P l = [(p')2+(p")3J"2 and 4)=arctan(pip'); 1 P l is the amplitude and 4) the phase angle of the complex resistivity.
PHASE SPECTRA OF CLEAN AND CONTAMINATED SOILS
The phase spectrum of a glacial sediment is strongly dependent on its grain-size distribution: the strongest low-frequency (e.g., 1 Hz) phase shifts (Le., up to 30 mrad) are measured in silts and fine to medium-grained sands, while coarse sands and gravels are practically unpolarizable (i.e., 4) <1 mrad) at low frequencies. The glacial clays also show weak low-frequency IP effects. Besides the gram size, the phase shift depends on the conductivity of the electrolyte: an increase in the conductivity of the electrolyte decreases the ]P effect. The effect of moisture content is weak in fine and medium-grained sediments, but stronger in coarse sands and gravels, where the phase shift decreases with decreasing water content. A common feature of the spectra of glacial sediments is the increase in phase shift with increasing frequency, as seen in Fig. 2a .
The organic containinants tested in the laboratory (waste oils, toluene, etc.) changed the phâse spectrum and the resistivity of tili and sand. The magnitude of the change of phase shift in artificially contaminated sampiles was typically within +1-10 mrad at low to medium frequencies. A typical feature observed in the laboratory was the change of the shape of the phase spectrum with increasing maturation time (of the contarninant). The organic contaminants had only small effect on the resistivity: often resistivity slightly decreased due to contamination. An example describing the effect of a waste oh on the phase spectrl.un and resistivity (1 Hz) on a til is given inFig. 2b.
The phase shifts measured in soils and the contamination-generated changes are small, but stili measurable under field conditions, and it seems that an organic contamination in homogeneous sand and till areas can be detected. In a larger group of soil types the spectra of contaniinated sand and til! are, however, not very abnonnal so that under complex conditions (in the presence of day layers, metallic objects, etc.) direct detection of contamination is uncertain. Under such conditions the instability of the phase spectrum of containinated soil may, however, be diagnostic of contamination. Fig. 2. (a) Laboratory phase spectra of samples from the sampling site S-1 (see Fig. 1 ). Soil is uncontaminated fine and medium-grained sand; water table at 10 metres; (b) Effect of waste oii on the phase spectrum and resistivity of tili (Vanhala, 1997) .
HELD EXAMPLES
The first case is an area where a hycirocarbon contaniination is situated close to groundwater area (Fig. 1 , the aquifer is situated at the topside of the maps). Soli sampling for laboratory SIP measurements and organic analysis were carried Out (see Fig 1. ). A field geophysics inciudes EM-31 and JP (a=5 m, n=1-7) mapping and SIP measurements.
The seconci case is an area having a heavy-metal contamination due to wood preservatives used at a s awmill. Sampling, laboratory SIP measurements, chemical analysis and field IP and SlIP measurements were conducted.
